The highly visible coastal phenomenon of wetland loss in coastal Louisiana (LA) was examined through the prism of carbon accumulation and loss. Carbon storage or sequestration in rapidly subsiding LA coastal marsh soils was based on vertical marsh accretion and aerial change data. Marshes sequester significant amount of carbon through vertical accretion however, large amounts of carbon previously sequestration in the soil profile is lost through annual deterioration of these coastal marshes. Hurricanes, such as Katrina and Rita, have triggered instantaneous large carbon losses of sequestered soil carbon through the destruction of large areas of marsh. This analysis shows proposed coastal restoration efforts will not be sufficient to restore carbon losses by storms and marsh deterioration. Further, we have estimated the economic benefit of carbon sequestration for coastal wetland restoration efforts. Results show that LA coastal marshes may not serve as a net sink of carbon. These results may serve as a predictor of the impact of future predictions of increasing global sea level rise on carbon sequestration for other coastal regions.
Introduction
Global warming has become a major worldwide concern and is largely driven by increasing concentrations of atmospheric CO 2 and other greenhouse gases (e.g., CH 4 and N 2 O). Coastal wetlands are sensitive to global climate change while playing an important role in the global carbon (C) cycle (Chmura et al. 2003; Rabenhorst 1995; Choi and Wang 2004) . However, the dynamics of C cycling in coastal wetlands and response to sea level change associated with global warming is poorly understood (Erwin 2009) . A number of approaches have been proposed to reduce CO 2 concentrations in the atmosphere. One ecological approach is to take advantage of the ability of terrestrial ecosystems to fix and sequester atmospheric C in the soil (Armentano and Menges 1986) . The potential of soil C storage, including coastal wetland soils, is enormous (Rabenhorst 1995; Eswaran et al. 1995) . The estimated C sequestration through management of world soils alone could range between 1.2 and 2.6 Pg C year −1 (Lal 2001) . Histosols (peat soils) form within wetland environments and have the highest C content of all the soil orders (Bridgham et al. 2006) . This high C content is due to the fact that wetland ecosystems have the highest net primary production rate of all terrestrial ecosystems (Amthor and Huston 1998; Keddy 2000) coupled with a slow rate of organic matter (OM) decomposition due to prevailing anaerobic conditions in the flooded soils (Stevenson and Cole 1999; White and Reddy 2000) . Therefore, wetland soils create an important sink for atmospheric CO 2 .
Wetland soils are estimated to contain about 20-25% of the terrestrial soil C, despite comprising a relatively small proportion of the total land area occupied (Amthor and Huston 1998) . Current wetland restoration and conservation goals worldwide provide a critical opportunity to incorporate C sequestration as part of future wetland ecosystem services. Although soil C in wetland soils has been recognized as being an important component of global C budgets and future climate change scenarios, very little work has been done on the role of wetland ecosystems management on increasing C sequestration (Amthor and Huston 1998; Lal 2001) . Considerable research quantifying C sequestration rates coupled to ecosystem management scenarios is needed to provide for sound resource management decisions.
Studies on soil accretion in coastal wetland ecosystems have been conducted in wetlands around the world and a wide range of accretion rates have been reported, ranging from 0 to 42 mm/year (Hatton et al. 1983; Salinas et al. 1986; DeLaune et al. 1990; Twilley et al. 1992; French and Spencer 1993; Parkinson et al. 1994; Chmura et al. 2003; Callaway et al. 1996 Callaway et al. , 1997 Nyman et al. 2006) . Research conducted in the Mississippi River deltaic plain has concluded that organic matter accumulation was the main determinant in the vertical growth rate of marshes (DeLaune et al. 1978 Hatton et al. 1983; Neubauer 2008) . Although there is less soil organic matter in these marshes on a weight basis, the soil organic matter (SOM) occupies considerably greater volume and hence greater importance for accretion of emergent wetlands than mineral matter (Nyman et al. 1990 ). Organic matter contributes to the soil matrix and increases structural strength by forming an interlocking network of roots. Soil mineral matter may be from 50% to 90% of the dry weight of marsh soils, but mineral matter occupies only 2% to 7% of soil volume in Mississippi River deltaic plain marshes (Nyman et al. 1990 ). Stability of the SOM along with the addition of mineral sediments has been recognized as key factors controlling vertical marsh accretion and associated C sequestration (Nyman and DeLaune 1999) .
Large-river delta front estuaries (LDE) such as the Mississippi/Atchafalaya deltas are reported to be important interfaces between continents and oceans. The processes that control the transport and transformation of carbon in LDE are essential to our understanding of carbon sequestration (Bianchi and Allison 2009) .
Coastal peat deposits are impacted by a variety of threats associated with global climate change and human land use management (Henman and Poulter 2008) . These threats include shoreline erosion (Young 1995) , salt water intrusion (Hackney and Yelverton 1990) and submergence (Pearsall and Poulter 2005) . All of these factors can reduce C sequestration. Response of coastal wetlands to climate change factors also include changes in elevation, boundary or edge distribution, areal extent (wetland: water area) and mineral/organic matter composition of soil or sediment (Day et al. 2008 ). These physical changes strongly impact biological processes including above and below ground plant productivity and C sequestration.
For the past several thousand years, the development of a mosaic of coastal marshes has been driven by a relatively slow rate of sea-level rise over the latter part of the Holocene. Coastal areas accumulated organic carbon and mineral sediments as marsh vertically accreted at a rate that kept pace with sea-level rise (Redfield 1972; McCaffrey and Thomson 1980; Orson et al. 1985) . It has been estimated that saline wetland soils including salt marshes and mangrove swamp store more than 10,000 Tg of C (Twilley et al. 1992; Chmura et al. 2003; Bouillon et al. 2008 ). There is a great deal of uncertainty about the specific ecological and physical changes that will occur in coastal wetlands as result of increased rates of sea-level rise driven by global climate change. The resultant increase in sea level associated with global climate change can only be expected to magnify the effect of natural and anthropogenic stress on coastal marshes. There is a wide range of future sea level increases predicted associated with global climate change. Predicted rate of sea level rise (using an empirical approach) in the twenty-first century is reported to be 1 m or greater (Rahmstorf 2007) , which is similar to the present submergence rate of coastal LA. The IPCC prediction based on multiple models and scenarios estimates that sea level at the end of the twentyfirst century will be 28 to 48 cm above that at the beginning of the century (IPCC 2007) . The effects of this increased rate of sea level rise on coastal marshes can range from increasing stress on marsh vegetation to accelerating the rate of marsh loss (Mendelssohn and Morris 2000; Craft et al. 2009) .
Currently, LA is experiencing a high relative rate of sea level rise due to eustatic sea level rise coupled with coastal subsidence. (Morton et al. 2010) reported that subsidence rather than erosion was the primary contributor to wetland loss in the Mississippi River deltaic plain. Several studies have shown that accretion in LA coastal marshes is not sufficient to keep pace with water level increases (Cahoon and Reed 1995; Rybczyk and Cahoon 2002) . This condition is leading to significant wetland loss due to both the increasing water level and increased salinity (Day et al. 2000) . LA subsidence is between five and 10 times the rate of eustatic sea level rise (Callaway et al. 1997; Rahmstorf 2007) . Therefore, we can use the wetland responses today in LA to potentially forecast the effects of future projected increases in worldwide sea level on global carbon sequestration and wetland loss. However, it should be noted that in addition to marsh losses from relative sea level rise, other processes including edge erosion to waves, presence of canals, barrier island erosion and impact by large hurricanes have additionally contributed to LA coastal marsh loss.
Despite the enormous number of studies worldwide on wetland accretion rates, very little analysis has been conducted to determine potential decreases in the C sequestration potential of coastal wetlands as related to predicted increase in sea level rise. In this paper, we quantified soil carbon sequestration rates (based on existing soil vertical accretion and C sink data) in LA's rapidly subsiding coastal wetlands. We also calculate the soil C loss due to deteriorating marshes, including hurricane impacts. In addition, we estimate potential effects of coastal restoration on C storage in wetland soils. After providing an analysis and synthesis of carbon storage and sequestration determined from vertical soil accretion data for LA's rapidly subsiding coastal wetlands, we have also conducted an analysis based on historical aerial change data for the amount of carbon loss due to marsh deterioration associated primarily with coastal submergence. Wetland area, destroyed by recent hurricanes, as related to carbon storage is also quantified. The amount of carbon storage capacity recovered through restoration or marsh recovery efforts is also presented based on several proposed coastal restoration plans and the potential of carbon credits gained through restoration is determined. While not a focus of this paper, one should be mindful that any process which leads to loss of C sequestration in marsh soil will also affect the storage of associated nutrients including nitrogen and phosphorus (DeLaune et al. 1989; White and Reddy 2001) .
Vertical marsh accretion and soil carbon accumulation in Louisiana gulf coast Marshes
The LA gulf coast is experiencing a rapid increase in relative water level, primarily as a result of subsidence in the Mississippi River Deltaic plain, in addition to a relatively small rate of eustatic sea level rise (∼2 mm year −1 ). Studies of LA coastal marshes have shown that most marsh areas, for a period of time, can vertically accrete and keep pace with subsidence, although there is overall marsh deterioration (Callaway et al. 1997) . Accretion is strongly dependent on organic matter sequestration of significant amounts of C in LA coastal marsh soil profiles (Hatton et al. 1983; DeLaune et al. 1978; Nyman et al. 1990 Nyman et al. , 1995 and this accretion leads to the sequestration of significant amounts of C in the marsh profile. The net accumulation of SOM is also affected by the decomposition rate. Soil organic matter is continually oxidized by heterotrophic decomposers, which results in the conversion of organic carbon to CO 2 and CH 4 . Soil organic matter decomposition differs among fresh, brackish, and saline marsh (Smith et al. 1983) . Soil organic matter accumulation results from in situ production by marsh plants (autochthonous source), rather than transported into the marsh from other areas (allochthonous source). Therefore, factors which regulate plant productivity will directly affect SOM accumulation. Additionally, well established vegetative communities promote mineral sediment accumulation. Plant stems reduce water velocities, which promotes deposition of mineral matter (Gleason et al. 1979; Rejmanek et al. 1988) , and algae on plant stems promotes the trapping of very fine mineral matter, which may otherwise remain suspended in the water column (Stumpf 1983) . The amount of OM accumulating in fresh, brackish, and saline marsh soils of the Mississippi River deltaic plain can estimate the amount of SOM production required for marsh maintenance (Nyman et al. 1990 ). The role of LA coastal marshes as a C sink has been demonstrated in a number of studies using the C and/or OM content and bulk density of the soil as well as the measured vertical accretion rates (Table 1) . Accretion rates were calculated from the horizon for 1963, the year of peak 137 Cs atmospheric fallout (DeLaune et al. 1978) . One study found net C accumulation rate of 183, 296, and 224 g C m −2 year −1 for Barataria Basin saltwater, brackish, and freshwater marshes, suggesting relatively the same amount of carbon accumulation along a salinity gradient (Smith et al. 1983) . Hatton et al. (1982) and (1983) reported similar C accumulation rates for these marshes. Average OM accumulation rate for marshes were converted where applicable to organic carbon (by multiplying OM by 0.56). The resulting average accumulation rates were 310, 329, 298, and 219 g C m While it is clear that the rapidly accreting coastal wetlands in LA represent appreciable C storage in marsh soils, reported C accumulation rates for coastal LA are somewhat higher than the average for some coastal regions but rates are not unusual. Several coastal systems in the US have C accumulation rates as high as 300 g m −2 year −1 (Table 2) . Using an average accretion rate of 1 cm year −1 , there is a projected annual C accumulation of 300 g m −2 year −1 over a hundred year period leading to 30 kg C m −2 accumulated in the marsh soil profile, providing the C will ultimately be moved into long-term geologic storage rather than exposed through marsh deterioration. Craft et al. (1993) 3 Effect of wetland loss on carbon storage
To predict future C sequestration rates, dynamics of landscape processes must take into account wetland loss due to sea level rise and major hurricane events, which would subtract from net C storage. Coastal marshes in LA are being converted to open water primarily due to subsidence and associated water level and salinity increases, which negatively impact wetland vegetation. Since the 1930's, it is estimated that 1,900 mile −2 (4,920 km 2 year −1 ) of land has been lost (Dunbar et al. 1992; Barras et al. 1994 Barras et al. , 2003 (Fig. 1) For example, even though coastal wetlands in LA are accumulating C through vertical accretion in response to relative rise in water levels, these wetlands are also losing soil C through marsh deterioration. Much of the wetland loss occurring in coastal LA is due to the deterioration of the highly organic marsh soil. Conversion of coastal marshes to inland open water is driven by plant stressors such as salinity changes driven by saltwater intrusion into non-saline marshes and increased soil water-logging as a result of subsidence. The marsh soil elevation decreases rapidly following plant morality because of the structural collapse of the living root network . The peat collapse and the associated erosion result in the conversion of marsh to ponds or open water of ∼1 m in depth. Following storm surge inundation in coastal North Carolina, collapse of freshwater peat was also observed after vegetation die off, similar to the observed phenomenon in LA .
For thousands of years, coastal ecosystems migrated landward in face of rising sea level during the Holocene (Parkinson and White 1993) . Due to restrictions such as storm protection levees and human development, there is little area for upland migration of coastal marshes in response to sea level rise in most coastal areas worldwide. As a result, most coastal marshes are being replaced by shallow open water area as sea level continues to rise. Conversions of marshes to open water releases a considerable amount of C into the adjacent estuary, where it is either decomposed to CO 2 , accumulated in bottom sediment of estuary, or exported to the coastal shelf (Li et al. , 2011 . Field studies in coastal North Carolina have shown that higher rates of erosion can contribute to large C fluxes to estuaries (Young 1995) . For LA, we estimate that the majority of the organic matter loss through marsh deterioration would be exported to estuaries or offshore areas, with a significant portion of the organic matter oxidized in the process. Sampere et al. (2008) using lignin and pigment markers of organic matter in surface sediment of the LA continental margin following Hurricane Ivan, indicated that organic inputs from bays and coastal wetlands were likely rapidly decomposed. Another study found that a majority of the organic matter in coastal bay sediment was from phytoplankton as opposed to salt marsh plants suggesting much of the C lost from marshes was oxidized instead of preserved by burial (DeLaune and Lindau 1987) . The C content of inner shelf sediments off the coast of the Atchafalaya River, LA averages 1.17% suggesting low C preservation on the shelf .
The majority of the soil loss is organic with a concomitant amount of soil organic carbon. If we assume that a 100 cm depth of organic soil is lost over time due to marsh loss, this would be equivalent to 30 kg C m −2 or 300 metric tons ha −1 , or 30,000 metric tons km −2 . Table 3 lists the amount of carbon loss based on several estimates of wetland loss and total amount of carbon loss since the 1930s for coastal LA. Based on reported rates of marsh loss (∼62 km 2 year −1 ), it is estimated that 1.86 × 10 6 metric tons C year −1 is lost. If we use 30.7 ± 5.7 reported by Barras et al. (2008) , the loss is ∼0.92 ± 0.6 × 10 6 metric tons C year −1 lost. Based on 104 km 2 year −1 for the 1950s through 1970s estimate of wetland loss, the carbon loss over that period was 3.12 × 10 6 metric tons C year −1 . Total carbon loss since the 1930s associated with total area of marsh deterioration since this period is equivalent to 147.6 × 10 6 metric tons and this estimate does not include the loss of the potential future sequestration of marsh. We would like to stress that estimated carbon loss is dependent on the particular time frame and method used in determining wetland loss.
This above estimate is also conservative based on the peat depth estimate. Wilson and Allison (2008) estimated that depth of an eroded marsh in southeast LA marsh is approximately 150 cm. Therefore, for marshes with more extensive peat deposits, there would be a larger amount of C lost. The actual amount for any particular location will vary depending on a number of soil physiochemical properties including bulk density, organic soil depth, and soil organic carbon content. A depiction of the vertical loss of C is illustrated in Fig. 2 . Based on this comparison, a coast wide wetland loss of more than one percent of total marsh area per year will result in a net loss of C storage by marsh soils because of the depth of the C exhumed by physical processes. Therefore, it is critical to determine C sequestration losses not simply on an areal basis but also include a depth estimate.
Hurricane effects on marsh loss and carbon storage
Coastal wetland loss has episodically been impacted by severe storm events. Resulting storm surge from hurricanes can scour and redeposit rooted marsh vegetation.
Salt water, pushed inland by storm surge and tide , can also negatively affect marsh vegetation communities. There is evidence that climate change will result in increased storm frequency and intensity. It has been reported that sea surface temperatures in the tropics has increased by 1˚C over the past century and over this period hurricane intensity has also increased (Emanual 2005) . Hoyos et al. (2006) reported the increase in number of category 4 and 5 hurricanes for the period 1970-2004 was linked to the increase in surface water temperature. If the above scenario continues, all coastal marshes can expect to be impacted by major hurricanes on a more frequent basis in the future. Such an increase would likely have an impact on soil C storage in northern Gulf of Mexico marshes due to the low-lying coastal topography.
For coastal LA, it has been estimated that the combined effect of recent (2005) We would like to caution, this estimate is not directly related to net C loss due to the fact these recent hurricanes can scour the marsh and redeposit some of the C on the surface of the adjacent marsh. Although hurricanes can damage or destroy the wetlands, they can also benefit marshes by delivering sediment and organic material that can raise the marsh elevation in some areas while reducing it in other. McKee and Cherry (2009) reported that Hurricane Katrina added 1 to 8 cm of sediment to the soil surface of two brackish marshes in the path of the hurricane. However, due to subsequent oxidation and/or subsidence, the net elevation gain two years after the hurricane was only 1.7 and + 0.7 cm
In addition the spatial depiction of land area change represents a complex and interwoven mosaic of loss and gain patterns caused both by natural and human induced forces operating at various temporal and spatial scales resulting in fluctuating contributions to coastal land loss (Barras 2009 ). For example, recent land losses caused by hurricanes can comingle with prior estimates of land losses. Extreme storm such as Katrina and Rita can alter the long term time-average trend of coastal land loss. This change in rate of land loss pattern with time can also influence C storage.
Influence of coastal restoration on carbon storage
Coastal restoration projects are designed to reduce the rate of marsh loss, and this must also be factored into a landscape budget of C sequestration. The value of C sequestration of marshes should be factored into a cost/benefits analysis of coastal restoration options relative to no-action in slowing land loss in the coastal zone. The Coast 2050 plan (1998) represent strategies and specific objectives for restoring LA's rapidly deteriorating coastal wetland. The Coast 2050 Plan was developed in partnership with the public, parish governments, State and Federal agencies and is based on technically sound strategies designed to sustain coastal resources. The plan is an overall template which will provide program-neutral guidance for the development and implementation of coastal restoration projects.
We have calculated the projected area of marsh which would be conserved by 2050 by the proposed restoration plan, which includes diverting Mississippi River water into LA coastal wetlands (Table 4 ). The introduction of nutrient-laden river water can significantly increase plant productivity and burial of soil carbon. Based on the acreage of marsh conserved, we estimated the amount of C storage equivalence (Table 4 ). These reported estimates are for fully restored marshes. River diversions will also decrease marsh salinity leading to less stress on the coastal vegetation and will likely slow the rate of wetland loss while also removing Mississippi River nitrate (White et al. 2009b; Gardner and White 2010) . The actual amount of marsh conserved by coastal restoration is difficult to estimate. One estimate (Barras et al. 2003) projected 500 mi 2 (1,275 km 2 ) or 10 mi 2 year −1 of marsh preserved over the next 50 years based on current restoration efforts. The above estimate (Barras et al. 2003; Coast 1998) were pre-hurricanes Katrina and Rita in 2005 and Gustav and Ike in 2008. Though difficult to quantify at this early point in the restoration time-line, these measures will influence C storage. Visser et al. (2008) , using the CLEAR Landscape Change model (www.clear. lsu.edu) provides a higher estimate of wetland area gained through planned restoration efforts. Over the course of a 50-year simulation (assuming historical land loss rate remained the same), the restoration scenario resulted in an overall wetland loss Source: Coast 2050, through restoration (e.g. river diversion) and estimated carbon storage a Due to delta building, land will be gained in the Atchafalaya Basin of 619 km 2 (5% of current wetland area), while 2,368 km 2 (18% of current wetland area) of wetlands were simulated as being converted to open water under the no action scenario. According to the CLEAR Landscape Change module output, the current restoration scenario prevents the loss of 1,749 km 2 of wetland over a 50-year span (35 km 2 year −1 ) across the coast of LA when compared to the same time frame given the no action scenario. This translates into a 13% reduction in total wetland area loss over the course of 50 years with significant associated C storages.
The amount and temporal dynamics of wetland area created by Mississippi River water diversions versus wetland area created by direct wetland and barrier island creation projects was also included in this estimate. After 50 years of continual restoration efforts, 598 km 2 of wetlands are predicted to be created by river diversion processes and 540 km 2 will be created by marsh and barrier island construction projects. It should be noted that barrier island restoration would not have same C sequestration rate as fresh and brackish marsh but may play a role in protecting vulnerable coastal wetlands. Wetland creation from Mississippi River diversions is a gradual and steady process over time, whereas wetland created from marsh/barrier island creation projects is an 'instant' addition of wetland area/protection.
All of the restoration scenarios (Coast 1998; Visser et al. 2008 ) are best case scenario estimates. The success of coastal restoration is also contingent on funding for completing and maintaining the numerous restoration projects. This examination, however, does show that restoration is critically important for slowing the rate of wetland loss concomitantly maintaining C sequestration in LA's subsiding coastal environment. It is also clear from this estimate that not all of the coastal marsh can be preserved or restored. Losses will continue, albeit at a slower, more gradual rate.
To restore carbon loss as result of wetland deterioration is difficult. Once marshes are converted to open water, vegetation cannot easily re-establish. In order for vegetation to be re-established, the open bays and water bodies would have to be filled with sufficient mineral sediment to provide a substrate for vegetation to become established (see Fig. 2) . Part of the problem is that the Mississippi and Atchafalaya rivers currently carry about 1/2 the sediment load they did a century ago, an annual amount of ∼205 million metric tons (Blum and Roberts 2009) . Dams and reservoirs built on rivers and streams that feed the Mississippi River now captures a significant amount of the historical sediment load. In order to fill in open water areas, diversion or other activities (dredging) would need to be delivered to a depth that would support emergent marsh vegetation. The amount of sediment for filling in 1 m depth of a open water area (assuming bulk density of between 0.7 and 1.0 cm 3 ) would be equivalent to between 700 and 1,000 kg sediment m −2 or between 0.7 to 1.0 metric ton m −2 , The amount of sediment required over a 1 km 2 area would be between 0.7 to 1.0 × 10 6 metric tons. Based on a wetland loss rate of 61.2 km 2 year −1 and if we assume one million metric tons of sediment required to restore 1 km 2 of open water area, ∼61 million metric tons of sediment would be required to restore a 61 km 2 area of wetlands. This is an amount equivalent to a 1/3 of the total sediment load of the Mississippi River today. To restore the over 4,000 km 2 area of wetland area lost since the 1930, assuming a minimum depth of 1 m, would require re-depositing several decades worth of supply of Mississippi River sediment, an amount which is currently not available (Blum and Roberts 2009) . Such a restoration would also require diverting the sediment load to the areas where loss occurred. It is highly improbable that this could be done due to cost and difficulties of implementation.
Future projected losses of coastal wetland area are not simply a Louisiana problem. Craft et al. (2009) , in a study of the Georgia coastal area using simulation modeling and the IPCC mean and maximum estimate of sea level rise for the year 2100, reported that salt marsh area will decrease by 20% and 45% respectively. The tidal freshwater marsh was predicted to increase by 2% under IPPC mean scenario but would decline by 39% under the maximum scenario. Such declines in marsh area will also likely result in loss of C storage for coastal areas world-wide, the effects of which are seen today in LA.
Monetary value of wetland soil carbon
While it may be difficult to put a monetary value on all the benefits of coastal restoration, the concept of C credits is a new concept which can provide value to restoration efforts. Under the Marrakech Accords, soil C can be included in the calculation of C sinks for the first commitment period of the Kyoto Protocol. Because C sequestration can be used to offset industrial C emissions through the Kyoto Protocol, soil C is now a commodity that can be bought and sold (Sandor and Skees 1999; Lal 2004) . The Chicago Climate Exchange (CCX) is the first legally binding, rule-based program that allows corporations, non-government organizations, cities, and farmers to trade on the release and capture of CO 2 and other greenhouse gases (Lal 2004) . The ability to sell C credits offers a powerful incentive for coastal landowners to actively participate in coastal wetlands preservation and restoration. Carbon credits prices vary widely. US voluntary market price range from US$1.00 to US$10.00 per credit. A credit is equal to 1 metric ton of C dioxide or greenhouse gas equivalent. To convert a ton of soil C to carbon dioxide equivalent we have to multiply by 3.66 since CO 2 is only 27.3% C. For example if the market value in the CCX is US$3.00 per metric ton of CO 2 we would multiply 3 × 3.66 to covert to C equivalent or US$11.00 per ton of soil C.
For coastal LA, we can now estimate the value of the C sequestered in coastal marshes. We know that the equivalent of 3 metric tons C ha −1 is sequestrated on an annual basis using 300 g organic carbon per square meter accumulating annually in the marsh soil at an average accretion rate of 1 cm year −1 . Louisiana has a total of 988,888 ha of marsh (Coast 1998) . Therefore, the equivalent of 2.9 million metric ton of C would be sequestrated annually in LA coastal marsh through vertical accretion. At a potential value of between $30 and $45/ha, the total value of the C sequestered in the La coastal region can then be calculated assuming the current C credit price per ton of US$10.00-15.00. For the 988,888 ha of coastal wetland in LA, this C would be worth between 29.7 and 44.5 million dollars each year.
Louisiana Marsh sequestration
Carbon credit per ton Hectare value 3 metric tons C ha However, this value does not factor in the amount or area of annual wetland loss, again assuming the amount of C to 100 cm depth. Using the US$10-15 C credit equivalent values per metric ton, this loss would be between US$3,000 and US$4,500 ha −1 , assuming that all of the C was lost from the system. If we calculate the annual loss through marsh deteriorating over the entire coast, which is 1.86 × 10 6 metric ton/year and using the US$10-15/ton, the equivalent of between US$18.6 and 27.9 million is lost through marsh deterioration each year. This disproportionate loss is due to the erosion of the vertical peat profile once the marsh is converted to open water. Although both DeLaune and Lindau (1987) and Young (1995) have found little of the translocated organic matter preserved in estuarine sediments, we can still use a more conservative estimate for C loss from the system. Assuming only one half of the C is lost from the system while the remainder of the C is re-buried in estuarine or shelf sediments, a loss of approximately 0.93 × 10 6 metric tons of C would still be realized.
Episodic, severe storm events, which occur several times a century, can also affect the C storage as previously documented. Based on the marsh loss (520 km 2 ) from hurricanes Rita and Katrina, an equivalent of 15.4 × 10 6 metric tons of C was lost. This value equates to US$154-231 million, based on US$10-15 value per metric ton and should be considered in the calculation of the monetary storm damage. Similar but small losses would have been associated with Gustav and Ike in which 320 km 2 of wetland loss occurred. The net loss of C from hurricane events may be less than this estimate if primary productivity increased in short-term from the disturbance. More research is needed to more accurately estimate the permanent net C loss from storm events.
When we place coastal restoration efforts in the context of C credit, ongoing coastal restoration effort (e.g., river diversion) can potentially reduce this rate of loss. For example, a 10% reduction in the loss of marsh would result in reduction of 0.098 × 10 6 metric tons C loss annually, which is equivalent to US$0.98 to 1.47 million per year. This analysis provides a context to predict the monetary value of C storage in coastal wetlands and could potentially stimulate greater public support for coastal restoration efforts. Realizing the monetary value of wetland C accumulation may be an important mechanism for providing funding for coastal restoration projects. Individuals or companies may provide financial backing restoration projects that would provide a net sequestration of C as a means for investment due to the increasing focus on carbon credit value.
Conclusion
Carbon storage or loss in coastal wetland are related to several factors including sea level rise, accumulation rate, boundary conditions (development barriers such as protection levee that prevent the inland migration of wetlands), subsidence, storm events, rate of wetland loss and coastal restoration. We have estimated the major factors governing C sequestration and/or loss of C storage in LA's coastal marshes (Fig. 3) .
The annual amount of C sequestered in soil profile by vertical accretion in coastal LA is 2.96 × 10 6 metric tons C. By comparison current annual loss via marsh deterioration is 1.86 × 10 6 metric tons or approximately 63% of the C sequestered through vertical marsh accretion. Total carbon loss associated with marsh loss since the 1930s is 147.6 × 10 6 metric tons. depth. If the average depth lost depth greater, than greater C loss would be realized. It has been estimated that hurricanes of the intensity of Katrina and Rita occur once in a 50-100 years time period. Regardless, the values estimated herein demonstrate that hurricanes can significantly impact C sequestration in coastal wetlands. The loss of C from these two major hurricanes is on the same order of magnitude as the estimated amount of C preserved over the next 50 years of coastal restoration efforts as restoration strategies (Coast 1998) are estimated to prevent 13.67 × 10 6 metric tons of C from being lost over 50 years and this value compares with the 2005 hurricane losses estimate of 15.4 × 10 6 metric tons of C. These calculations provide significant insight on the relative importance of a number of impacts to coastal marshes including coastal submergence, hurricane induced wetland loss, and coastal restoration on C storage including potential C credit value. Additional studies and model refinement will be needed to provide more accurate estimates, but the data presented herein provides a general estimate of the factors impacting carbon storage and losses in the rapidly subsiding Mississippi River deltaic plain. It has been shown that on a local scale, marshes may serve as a net carbon sink, but based on a total coastal area basis, there may have been an overall net loss of C over the past century. Because of the high relative rate of sea level rise currently being experienced in LA, these results can be, to a degree, extrapolated for other coastal wetland areas world-wide that will be impacted by future projected sea level rise as the global eustatic sea level rise continues to increase due to climate change.
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